The immunising effect of pneumococcal nasopharyngeal colonisation; protection against future colonisation and fatal invasive disease.
The human nasopharynx is an important ecological niche for Streptococcus pneumoniae, and asymptomatic nasopharyngeal carriage is a common precursor to invasive disease. However, knowledge of the immunological events, which occur during carriage, both on a cellular and humoral level, remains limited. Here, we present a long-term stable model of asymptomatic nasopharyngeal carriage using outbred naïve mice, in which we have investigated the effect of previous nasopharyngeal exposure to pneumococci, in the prevention of subsequent carriage and invasive disease. Carriage of D39 wildtype pneumococci restricted to the nasopharynx could be detected for at least 28 days post-infection, whereas nasopharyngeal carriage of a pneumolysin negative isogenic mutant (PLN-A) was cleared in 7-14 days. Both carriage events induced total and capsule specific IgA mucosal antibodies and increased levels of systemic antibodies (IgG against pneumococcal surface protein A (PspA) and IgM capsular polysaccharide), which increased over time and correlated to reduced nasopharyngeal pneumococcal numbers. Prior nasopharyngeal colonisation with PLN-A significantly reduced the duration of subsequent D39 wildtype carriage, and significantly increased survival following invasive pneumococcal challenge. In this case systemic anti-PspA and anti-capsular antibody IgM concentrations showed a strong correlation with reduced bacterial numbers in the lungs and nasopharynx, respectively and also with increased levels of IL17A and CD4+ T cells in lungs of pre-colonised mice. Prior nasopharyngeal colonisation with PLN-A also resulted in significant cross-serotype protection with mice protected from invasive disease with serotype 3 strain (A66) after pre-colonisation with a serotype 2 strain (D39). Our results suggest that both mucosal and systemic antibody as well as cellular host factors have a role in long-term protection against both colonisation and invasive pneumococcal challenge.